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54 Vitreous ceramic materials, process for fabricating these materials and their application in bonding ceramic parts. 



57 Vitreous ceramic materials, process Ibr labriwiliitg these 
nuitiirinls and Irwir application in the bonding of ceramic pons. 

Vitreous ceramic materials* including silica, alumina, 
magnesiuma and yttrium ovido. 

Their rcs-pecuVc weigh; quantities «wrcs|xmdait lo the 
inequalities * 

32.5 % SiO a + Mg O 77.5 %: 17.5 % AljOj 62.5 %\ 
5%Y : 0, sim. 

Application of these maicriiils Lo the bonding of pans of 
the same tyj)c of silicon carbide, silicon nitride or Si Al ON. 
ylirium oxide taciHtadnn die \tcuing. of an adhesive paste onto the 
surface of the pans. 
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Vitreous ceramic materials* process f nr fabricating these materials and their 
application. , 

This invention relates to new vitreous ceramic matenals derived from 
silica, alumina, magnesia and yttrium oxide. 

More and more frequently, new crystalline ceramic materials are being 
employed, such as silicon carbide, silicon nitride, nitrides of silicon modified by 
the addition of oxygen and aluminum in their crystalline lattice, for the fabrication 
of parts and devices designed to be subjected to major mechanical stresses at 
elevated temperatures. 

It is T however, difficult to assemble parts of these materials by bonding, as 
that requires adhesives resistant to elevated temperatures and to stresses brought 
about by thermal expansions, presenting a coefficient of expansion little different 
from those of the materials to be assembled, and wetting them well. 

The present invention has as its goal to provide materials 1hat can be 
utilized as adhesives for bonding the crystalline ceramic materials mentioned 
above. 

These materials are composed from mixtures of silica, alumina, magnesia 
and yttrium oxide, corresponding to the weight ratios 

32.5 % < Silica and Magnesia < 77.5 % 
17.5 % < Alumina < 62.5 % 
5 % < YjOj < 50 % 

Such materials correspondent to the area of the triangle ICB of the 
diagram [of] ternary silica+magnesia-alumina-yttrium oxide of Figure 1 of the 
attached diagrams. Among these materials, those corresponding to the area of the 
triangle ABC may be manufactured from a base of cordierite, alumina and 
yttrium oxide and are represented by the area ABC of the ternary diagram 
cordierite-alumina-yttrium oxide of Figure 2 , whose sides correspond to the 
limits of the compound (by weight) 

50% < Cordierite < 95% 

0% < Alumina < 45% 

5 % < Yttrium oxide < 50% 



PAGE 6/42 * RCVD AT 12/712004 5:06:46 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/1 1 DNIS:8729306 * CSID:612 736 7586 * DURATION (mm-ss):09-58 



DEC. 7,2004 5:08PM INTL PAT PROS 220 1 2W 



NO. 7631 P. 7/42 



2538370 



.2 - 



or, expressed in magnesium 
oxide : 6.9% to 13.1 % 

} silica + magnesium + 32.5% to 61.7% 

silica : 25.6% to 48.6 % 

alumina : 17.5 % to 62 .5 % 
yttrium oxide : 5 % to 50 % 

. The above materials may be additioned by at least one metallic oxide 
favoring their devitrification, such as titanium dioxide, zirconium, anc oxide, in 
a ratio ranging up to 5 % by weight, which improves their mechanical resistance 
to heat between 1000° and 1350°C 

These vitreous materials thoroughly wet the crystalline ceramic 
materials, such as silicon carbide, the silicon nitrides and the modified silicon 
nitrides (Si AJ ON), due to the presence of the yttrium oxide which acts as a 
wetting agent. They permit the formation of strong adhesive bonds of minimal 
thickness. 

As they are oxide-based and present an elevated vitreous transition 
temperature (between 900° and 100» C [sic?]), they are perfectly suited to 
equipment operated with heat, possibly in an oxidizing atmosphere, particularly 
in heat exchangers at around 800°C . 

These types of glass may be dc vitrified, either by addition of the metal 
oxides mentioned above, or by one or more slow cooling cycles. 

The most general process for fabricating the above vitreous materials 
consists of mixing the powders of silica, magnesia, aluinina and yttrium oxide by 
milling in a container, melting the obtained powdered mixture at a temperature 
above 1500 c C under oxidizing atmosphere, particularly whh air, then allowing 
the glass that has formed to cool. For the materials in which the ratio of the 
quantities of silica and alumina correspond to that of the cordicrite, or mixing of 
the natural or synthetic cordierite, of alumina and yttrium oxide by milling in a 
container, then similarly melting the obtained powdered mixture at a 
temperature above 1500° C under an oxidizing atmosphere and allowing the glass 
thus formed to cool. 
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The invention extends finally to a process for bonding parts of the same 
type of silicon carbide, silicon nitride or modified silicon nitride (Si Al ON), in 
which a vitreous ceramic material such as defined above is crushed, the milting 
container in a liquid medium, dried, a binder and a solvent added to it in order to 
form a paste, this paste [then] applied between the parts to be glued, the 
assembly dried in an oven, then it is raised to a temperature in the neighborhood 
of around 1400° C with neutral atmosphere. Preferentially, after this heating at 
around 1400° C, the bonded parts are subjected to one or more slow coolings to 
assure the devitrification of the bonding material. 

Described below, by way of example, is a step for synthesizing a vitreous 
ceramic material, a step for applying this material onto the parts to be assembled 
and for firing of the assembly, as well as a heat exchanger, represented by 
Figure 2 of the diagram, assembled using such a ceramic material. 

EXAMPLE 1 - Synthesis of a vitreou s ceramic material 

After fine mixing of the raw materials (silica and magnesia, alumina and 
yttrium oxide, or cordierite, alumina and yttrium oxide) by milling in a container, 
tbe powders are brought to fusion at around 1550° C in the presence of air, by 
prolonging the treatment for 2 hours. After cooling, the glass is crushed and 
milled in a container, in an aqueous medium, until the average size of the grains is 
less than SO microns. With the use of this method, a very homogeneous material 
is thus obtained. 

EXAMPLE 2 - Application of the olass and firing of the assembly - 

A binder and a solvent are added to the ground glass powder. Different 
binder-solvent combinations may be used. 

According to a first variation, the binder may be a cellulose ether that is 
dispersed in water. One may thus prepare a cellulose ether gel commercialized 
under the brand name "Bermocoll E 600" in water at 4%> and mixing the milled 
powder of the vitreous material into this gel in the proportion of 60 to 80% by 
weight of the powder for 40 to 20% of gel. 

The binder may likewise be a polystyrene plastified with the help of 
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butyl phtalate, that has been dissolved in a solvent such as trichlorethylcne. For 
example, a solution may be prepared containing 5% polystyrene by weight, 5% 
of butyl phtalate and 90% of trichlorcthylene. This solution is mixed with the 
vitreous material in the proportions of 60 to 80% by weight of powder for 40 
to 20% of solution. 

It is equally possible to utilize as binder a polysaccharide dissolved in 
water at the rate of 10% by weight. 70 to 80% of the milled powder of the 
vitreous material is mixed with 30 to 20% of solution. 

In this manner, with the help of the binder and the solvent, a paste is 
prepared that can be applied with a brush to the parts to be bonded . The choice 
of the binder has been determined so that the paste is sufficiently fluid to flow into 
the thin interstices (of some tenths of mm), but presents sufficient rigidity to 
remain in place without flowing, in the case of vertical joints. 

Following oven drying, the assembly is gradually brought to around 
1400°C under neutral atmosphere (argon). 

The practitioner may subject the vitreous material forming adhesive 
between the parts at slow cooling cycles assuring its devitrification if it is deemed 
necessary. 

In particular, vitreous materials were prepared to present the following 
weight compositions (points D, E, F, G, of Figures 1 and 2). 





D 


E 


F 


G 


Cordierite 


60 


60 


60 


70 


Yttrium oxide 


40 


30 


20 


20 


Ahimina 


0 


10 


20 


10 



or in weight percentages in oxides 
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D 


E 


F 


G 


Silica + Magnesia 


39 


39 


39 


45.5 


Yttrium Oxide 


40 


30 


20 


20 


Alumina 


21 


31 


41 


34.5 



A silica + magnesia, yttrium oxide and alumina-based compound was 
also prepared, in which the ratio of the quantities of silica and alumina did not 
correspond to the cordicrite (point H of Figure 1). 

Silica + Magnesia 71.75% 
Yttrium Oxide 20.75 % 

Alumina 17.50% 

The expansion coefficients of the component materials corresponding to 
the area of the triangle ABI of Figure 1 vary in large proportions, and it is thus 
possible to choose from among these a material with an expansion coefficient in 
the vicinity of that of numerous crystalline ceramic materials. 

Vitreous ceramic materials were utilized according the invention in 
particular in the assembly of heat exchange elements of fritted silicon carbide, 
designed for operation in turbines [engines]. These exchangers, whose basic 
outline is represented in Figure 3, are comprised of more than 200 tubes such 
as the tubes 1 of the figure, assembled on the external edge flanges 2 
The external 3, internal 4 plates (shell] and edge closing discs 5 are sealed 
onto each other with the same vitreous material. All these bondings thus assure 
the tightness between the cold flux (for example, cold air) that circulates in the 
tubes and the warm flux (warm air) that circulates in counter-current around the 
tubes. The joints such as 6, 7, 8 of the vitreous ceramic material have 
withstood temperatures [generated? -- illegible! by hot gases 
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raised to S27°C without alteration. 

Although the fabrication process for the vitreous ceramic materials 
described above appears as the preferred form of the invention, it is understood 
that diverse modifications may be applied to it without departing from its scope 
the binders and solvents cited are capable of being replaced by others that would 
fulfill the same technical role. 
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CLAIMS 

1/ Vitreous ceramic material, including silica, alumina, magnesia and yttrium 
oxide, characterized in that their respective weight quantities correspond to the 
inequalities 

32.5 % < Silica and magnesia < 77.5 % 
17.5 % < Alumina < 62.5 % 
5 % < Y 2 0 3 < 50 % 

2/ Materials following Claim 1 7 characterized in that the ratio of their quantities 

of silica and magnesia correspond to that of the cordieritc, 

3/ Materials following Claims 1 and 2, characterized in that they include 

additionally up to 5% by weight of at least one metallic oxide favoring their 

devitrification. 

4/ Materials following Claim 3, characterized in that the devitrifying metallic 
oxide is selected from the group composed of titanium dioxide, zirconium and 
zinc oxide. 

5/ Fabrication process for a material following Claim 1, characterized in that 
the powders of silica, magnesia 1,J alumina and yttrium oxide are mixed by 
milling in a container, melting the obtained powdery mixture at a temperature 
above 1500°C under oxydiziug atmosphere, then allowing the glass formed to 
cool. 

6/ Fabrication process for a material following Claim 2, characterized in that 

the powders of cordierite, alumina and yttrium oxide are mixed by milling in a 

container, melting the obtained powdery mixture at a temperature above 1500°C 

under oxydizing atmosphere, then allowing the glass formed to cool. 

7/ Application of the materials according to one of Claims 1 to 4 to the 

bonding of parts of the same type of silica carbide, silica nitride or modified silica 

nitride by addition of aluminum and oxygen. 

8/ Process for bonding between parts of the same type of silicon 



[Note : Claim 6 is an exact duplicate of Claim 5 7 in the French original. - 
Translator.] 
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carbide, silicon nitride or modified silicon nitride by addition of aluminum and 
oxygen! characterized in that a material such as any one of the Claims J to 4, is 
crushed, milling it in a container in a liquid medium, drying it, adding to it a 
binder and a solvent in such a way as to form a paste that wets well the parts to be 
bonded, applying this paste between these parts, drying the assembly in an oven, 
then bringing it to a temperature around 1400°C under neutral atmosphere. 
9/ Process for bonding following Claim 8, characterized in that a cellulose 
ether is utilized as a binder and water as solvent. 

10/ Process of bonding following Claim 8, characterized in that plastificd 

polystyrene is employed as binder and trichlorethylene as solvent 

11/ Process of bonding according to Claim 8, characterized in that a 

polysaccharide is employed as binder and water as solvent. 

12/ Process of bonding following one of Claims 8 to 11, characterized in 

that a vitreous ceramic material additioned by a devrtrifying metallic oxide is 

used. 

13/ Proccess of bonding following one of Claims 8 to 12, characterized in that 
after heating to 1400°C under neutral atmosphere, the glued pieces arc subjected 
to at least one slow cooling cycle assuring the devitrification of the bonding 
material. 
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FIG.3 
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Matgrtaux eeramioues vltreux. proced a da fabrication de tela Piaterlaux 
et application de ces demlers 

La preserve invention ocnceme da nouveaux material cSramiquea 
vitreux a base de ailloe, d'alumine, de magnesia et d'oxyde d'yttriuau 
5 On utilise de plus en plus frequemment de nouveaux materiaux oera- 

miques cristailine, tela qua le oarbure de silieium, le nitrure de aili- 
eium, lea nitrurea de silicium modifies par addition d'oxy 5 ene et'd'alu- 
minium dans leur reWu oristallin, pour la fabrication de pieces at 
d'appareiia destines & Stre soumis a des oontraintea mecaniques impor- 
10 t antes a temperature elevee. 

II eat toutafols diffiolle d' assembler des piece* en ces raateriaux 
par collage, ear oela necesaiterait dee adhesifa. resistant tempera- 
tures elevees et aux oontraintea entraineea oar les dilatations thermi- 
ques, presentant up coefficient de dilatation aasez pea different de 
15 ocux des mateViaux a assembler, et nouillant bien oeux-ci. 

La praaente invention vise a procurer dea materiaux utilisables 
comma adhesif s pour le collage dee materiaux ceratniques oristallins men- 
tlonnea ci-dessua. 

Cea materiaux sent eonstituea par lea melanges de ailloe, d'alu- 
20 mine, de raagneaie at'd'oxyde d'yttrium repondant aux proportions pondS- 
r&les 

32,5 % ^ Silioe et magneaie ^ 77,5 % 
17,5 15 £ alumina ^ 62,5 % 
25 5% < Y 2 0 3 < 50 % 

De fcels materiaux correspondent a l'aire du triangle ICB du dia- 
gramme ternaira ailloe + magneale-alumlne-oxyde d'yttrium de la figure 1 
du dessin annexe. Parmi ces mateFiau*, oeu* correspondent a l'aire du 
30 triangle ABC peuvent Stre fabriques en partant de cordlerite, dialumine 
et d'oxyde d'yttrium et sent representee par l'aire ABC du diagramme 
temaire eordierlte-alumine-oxyda d 'yttrium de la figure 2*, dont les 
cStea correspondent aux limites de composition Cen poida) 
50% ^ oordie>ite ^ 95* 
35 G* ^ alumlne 4 ^5* 

5*.£ oxyde d'yttrium^ 5 0< 
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ou, exprimees en cxyde 
na gn<§sie : 6,9. ~ -■ f 

silice * laaetieaie » 32*** * 61 » 7 * 



15 



20 



25 



30 



i,9* a 13,1* ) 
i,6% a »8,6* ) 



3ilice x 25 I 

5 aluwine : 17,5* a 62,5* 

oxyde d' yttrium i 5* a 50% 

Les materiaux oi-dessu* peuvent Stre additional d'au moins on 
exyde metallique favorisant leur devitrification, tels que le bioxyde de 
titane, la ziroone, 1'oxyde de *ino, en portion allant Jusqu'a 5* ™ 
10 poide, ce qui ameliore leur r&istane* mScanique a obaud entr* 1000 
at 1350«C. 

Ce* materiaux vitreux moiiillent Men le* material* ceramiques 
crlBtaaxms, tela que le carbure de silicic, les nitrures de silielua at 
las nitrurea de silioium modifies <Si Al OH), ^Soo a Xa presence de 
r oxyde d'yttrium qui jou* le r8ie da mouillant. lis permettent de tor*** 
des joints trds adherents de faihle epaisseun. 

Comma lis sent a base d'oxydes at presenter* una temperature de 
transition vitreuse ^ea Centre 900* at 10D-C), ill conviennant par- 
faite»ent dans 1 - appareillage fonctionnant a chaud, eventuellement ^ 
atmosphere oxydante, notam^t dans Xes eenangeurs thermiqaes fonotion- 

nant vers BOO°C, ■ 9 

Ces verrea peuvent Stre deyitrifiea, soit par addition des oxydes 
aetalliques mentions ci-dessus, soit par un ou plusieurs cycles de 

refroidis3ement lent. 

LO precede de fabrication lo plus general des materiaux vitreu* 
oi-dessus consiste a melange* des poudres de silice, de magnesia, d'alu- 
min* et d'oxyde d'yttrium par voyage en Jarre, a fondre le flange 
pulverulent obtenu C una temperature supeileure ft 1500-C aoua atmosphere 
oxydante, notamment a i'air, puis a laisser refroldir le verre forme. 
Pour les materiaux dont le rapport des quantity de silice et. d'alumine 
correspond a oelui de Xa cordierite, ou melange des poudres de cordierite 
natureXle ou eynthStique, d' alumina et d'oxyde d« yttrium par voyage en 
>rre, puis fond egalement le melange pulverulent obtenu a une tempera- 
ture euperieure a 1500» sous atmosphere oxydante et lalase refroidir le 
verre forme. _ 
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■-invention m'Stovd enfin a un precede de collage de piecea de rnSme 
nature en carbure de sillcium, nitrure de sllioium ou nitrure de ailicium 
modifie (Si Al ON), dans lequel on eoncasse un materia ceramique 
vitreux tel que defini ci-dsssus, le broie an Jarre en milieu iiquide, le 

5 seehe, 1'additionne d'un liant et d'un aolvant de faooa a former une 
pate, applique eetta pate entre lea pieces a ooller, seche 1 Ensemble en 
etuvc, puia le porte * une temperature voislne de 1*00°C sous atmosphere 
^Utre. Do preferenoe, aprea ce ohauffa?e vera WO<>C, on soumet lea 
pieces oollfee a un ou plusieurs refroidissements lent* asaurant la 

10 dlvitrifieation du .mater lau de collage. 

II eat deorit oi-aprea, a titre d'exemplea, une option de ayn- 
these d'un materiau oeramique vitreux, una operation de depose de ce 
materiau our de, pieced assembler et de euisson de 1-asaemblage, ainei 
qu'un eobanseur de ohaleur, represent en figura 3 d« deasln, assemble a 

15 l»aide d»un tel materiau ceramique, 

flttgMPLE 1 - Synthase d" ™ mfttferiau ri&rniMqne vitreux - 

Aprea melange intime dea matieres premieres (silioe et magnesia, 
, alumina et oxyde d'yttrium, ou oordieVite, alumine et oxyde d'yttrium) 
20 par broyage en Jarre, on anene a la fusion lea poudres an voieinage 
de 1550OC en presence d'axr, en prolongeant la tr alternant 2 heures. 
Apres refroidiasement , le verre est ooncasae et broye en Jarre, en milieu 
aqueu*, jusqu'k oe que la dimension moyanne dea grains aoit inferieure 
a 6a microns. On obtient ainai un materiau vitreux blen homogene. 

mCEHPLS 2 - Denoae du verre at oul aaon d' assemblage - 

On ajoute- a la poudre de verre broyee.un liant et uh aolvant. On 
peut utilizer differents ooUplas liant-aolvant . 

Selon une premiere variants, le JLianf peut 8trc un other oellulo- 
sique que 1'ou disperse dans. 1'eau. On peut ainai preparer un gel" de 
1« ether cellulosique Dommercialis^ aous la designation - 
■•Bermocoil E 600" dana 1'eau a «, et melange la poudre broyee du mate- 
ria* vitreux a oe gel dana la proportion de 60 a 80* en poida de poudre 

pour <SQ a 20* da gel. 

• Le liant peut Stre ^galeraent un polystyrene piastifie a 1'aide de 
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dl3eoufc dsn* «» sonant tol <V* 
chioretfcyl^e. On prepare par trlo Morct^o. On 

flange cette. action a la * " 20S do 

tiona de 60 a *0* en poids de poudro poor pa^aimrid. 

lissous dans I'aau a ra"> aolu tlM». 

tlMe d'ltr. d«porfa ao pi-ceau aur laa p*& fl ulde pour 

. « a M e, feotu* d, fa 80 n ,«a la P^ ^ „ _ , _ 

s . 4o oul« d^ d~ -~ W « B . 5cro ior dan, 1. 

pr6swrte aMM de rl^idlt* p— r.-*- « plac - 

le3 Motion. pondW- mantes (points D, * 
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eb 2). 



Co*die>ite 
0*yde d'yttrtus 

ou en percentages ponderaux en oxydea 
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D E P G 

Silica ♦ magnesie 39 39 39 45,5 

Oryde d' yttrium 30 20 20 

ALumine 21 31 *1 3*,5 



10 II a ete* prepare egaleraent une composition a oaaa da 

sllioe + magnasie, oxyde d^yttritan et alumina, dans laquelle la rapport 
des quantitea de ailioe et d' alumina na corresponds! t pas a la cordierite 
(point H de la figure 1) 

15 Silica + magnesie 71,75 % 

Oxyde d» yttrium 20,73 % 

Alumina 17,50 * 

Lea coefficients de dilatation dea materiaux de composition oor- 

20 respondant a. Vaire da triangle 1BI da la figure 1 varlent dana de largea 
proportions, et l'on peut done ohoiair parol ceux-oi un materiau de 
coefficient de dilatation voiain da oelui de nombreux inateriaux eerami- 
ques oristallina. 

On a utilise* dea materiaux oeramiquea vitreux aelon 1« Invention en 

25 partioulier pour l'assemblage d* elements d^ohangeura dB ahaleur an oar- 
bure de silioium fritte, destines a fonotionner dans dea turbomaohinea . 
Ce9 eehangeurs, dont un aahena de principe est represent 6 ea figure 3, 
sont constituea de plus de 200 tubes tela que lea tubes 1 da la figure, 
assembles aur dea flasques d l extremity 2, Lea. viroles externa 3, 

30 interne IJ et disquoa da fenneture d'extremite 5 sont acellSs les una aux 
autrea aveo la mSme materiau vitreux. Toua ces oollagea aaaurent ainsi 
l'etanoheita entra le flux froid (par exemple air froid) qui circule dans 
les tubes et le flux cheud (air ohaud) qui circule a contre-courant 
autour des tubes. Lea joints tela que 6, 7, 9 en materiau oeramique 

35 vitreux ont supports' dea temperatures enj-jiiJ.'Sas par- da A gaz chauda 
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nortaa a »27'C eans alteration. 

Blan qua le *> Wbrlaation das MteriaOH caramlquaa vi- 

trau* deorit ci-aea.ua paraiaaa la for«a d'a»ectlo« da l-lnvantlon pra- 
faraola, on eompr^dra qua divoraaa .acifioatlona pauvant lui atro 
apposes aan 3 aortir da .on cadra, laa liant. at aolvants mantlonnfa 
pourant pouvant Stre ra»plaoes par d'autraa qui Jouaraient la otaa r8le 
technique. 
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HBVEKD1CAT10NS " . , AlMM «»- 

V »t*n«« cerate Vitrei. oo^renant <■« la -U-.. de l^u-ine. 
de Xa eaeneaie .t da X'oxyde d^trl-. eera.terxeea =» - 1-ur. 
quaotxtee pondereiee raepectivee rSpondent aux inatftlltes 

32,5 $4 Si0 2 * HBO ^ 77,5 * 

17,5 *4 U. 2 ° 3 < S2 » 5 * 

2/ Materxaux ^'U ^^i™ 1. .aroetarlae, en a. que ^ rapport 
de Xeurs quantise da aXllee at da aaeneele oorreapond a oeluX 

3/ MatarXaux seXon lea revendioatione 1 ou 2, oar 
eoaportent on outre juaqu'. 3* en F— ^ 8 un 

favoriaant Xeur devXtrifieatlon. vowde 
«.t*,Xoux salon la reveodieatlon 3, eeracterleea. en « v» 1 «* 
laXXXque de^trXflant .at cboiel dene la S roupe oonatltue par 
bioxyd. da titane, la slroona at X'oxyda de zino. 

5/ Precede de faorloatXon a— oat-lau salon la relation . oarae 
Lia. en oe que X-on D «Xen 8 e dea poadree da ailloa. da -agn&le d'alu- 
I" t « d-yttriu- par broye* en fond le ^ 

lw t obte» U a one te^rature euperXeur* a soue M « 

25 ^."S^ — — - — r lit:; 

terpen ce que 1'on meiang. dea poadrea da oordlarlta, d-eXuaiine et 
^ bro,a B e an ,ar«, -d xa ae^e puX^ruXant 
ob HL a una tenpereture auperleure a woo-o aoua atnoapnere oxydante, 
30 puis XaXaae refroidXr Xe verra form*. 

W AppXloatXon dea -t*rl— V— «- ravandtoatXona T k • an 

lla« de P ieoea de nature an cerbure da aXlloi™, nltrure d 

HxX 1 nitr^re * -11— -«« par addition * - 

3S VTZZ de ooxxa 8 e antra eXlea do pxeoea da nature an oarbure da 
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- « ••~**; " n !L. - «~ - 

, ^.,„. da 1"»00«C sous atnoepbire nautra. 

— t-l**~ '°' Slne " la rev90 d i0 ation B, caraaterise en ec g. 
9/ Proc.de do collar oelor ^™ ^ solTOnt <,«, 1-^- 

V- ^ — 8 ^ ^ n ^«on 8. curiae - - 

10/ Fnocad. 08 oomse salon 1- «v.ndioa«. ^ 1Q 

ll0o «U1> con^e liant da poljrtiri- Pl«* ifl4 
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15 



20 



triohlerethylene. . ^^teflse en =« ^ 8 

a85 urant ia devlfcrlfieetion d« -atariau de collage. 
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